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Description 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

[0001 J This invention relates to an additive for a rubber composition and an additive composition for a rubber com- 
position capable of improving a processability and productivity in the production of rubber articles without badly affecting 
properties of an uncured rubber and of a cured rubber as well as a rubber composition and a pneumatic tire using the 
10 same. 

2. Description of Related Art 

[0002] In the production of rubber articles such as tires, belts, hoses and the like, kneading of a rubber composition 
15 is generally conducted in order for uniformly dispersing compounding ingredients and filler into starting rubber And 
also, it is required to further conduct rubber milling for plasticizing the rubber composition several times in order to 
facilitate building operability at subsequent rubber processing step. However, such a repetition of the plasticizing op- 
eration is unfavorable in view of the productivity of the rubber article. On the other hand, although it is effective to 
decrease the rubber milling number in order to improve the productivity of the rubber article, the uncured rubber com- 
20 position is not sufficiently plasticized when the rubber milling number is merely decreased, which does not ultimately 
link to the improvement of the productivity. 

[0003] To this end, it is possible to improve the processability of an uncured rubber composition by adding a plasticizer, 
a processing aid or the like. Then, the building operability can be improved while decreasing the rubber milling number. 
In case of using a conventional plasticizer, a processing aid and the like, however, the degradation of properties of the 

25 uncured rubber composition or the cured rubber composition is caused and it is actually difficult to decrease the rubber 
milling number. At the processing step in the production of the rubber article including natural rubber is particularly 
existent a polymer gel formed by entanglement of natural rubber molecular chains with each other, or by reaction of 
functional groups in isoprene chain of natural rubber with each other, or by reaction of such a functional group with 
non-rubber ingredient in natural rubber, so that the rubber milling number increases and the degradation of the building 

30 operability is accompanied therewith. And also, if the rubber milling number is increased for plasticizing an uncured 
rubber composition, the lowering of molecular weight in natural rubber is caused, which badly affects the properties of 
the cured rubber composition. 

[0004] Therefore, it is demanded to improve the building operability without degrading the properties of the uncured 
rubber composition or the cured rubber composition in the production of the rubber article particularly including natural 
35 rubber since early times. 

[0005] In order to solve these problems, there are recently proposed some attempts. For instance, J P-A-1 1-209406 
discloses that a quantity of polymer gel in natural rubber is decreased by adding an aromatic polycarboxylic acid 
derivative to natural rubber. According to this method, however, it has been confirmed that blooming is apt to be easily 
caused in the cured rubber. 

40 [0006] And also, JP-A-6-57040 and JP-A-4-20579 disclose that the processability is improved by adding a specified 
ester. According to these methods, however, peculiar odor is generated in the processing, which becomes a problem 
in view of the operating environment. 

SUMMARY OF THE INVENTION 

45 

[0007] It is, therefore, an object of the invention to solve the aforementioned problems of the conventional techniques 
and to provide an additive for a rubber composition and an additive composition for a rubber composition both being 
capable of improving the processability without degrading the properties of the rubber composition. It is another object 
of the invention to solve the problem in view of the operating environment and particularly decreasing the quantity of 
50 polymer gel in a rubber composition including natural rubber without lowering the molecular weight of natural rubber 
to thereby improve the processability and the productivity and stabilize surface states of both uncured and cured rubber 
compositions as well as a rubber composition and a pneumatic tire using the same. 

[0008] The inventors have discovered that slippage between rubber molecules is increased by using a partial ester 
between a specified aliphatic or aromatic polyvalent carboxylic acid and a (poly)oxyalkylene derivative as an additive 
55 for a rubber composition without degrading the properties of a cured rubber composition and as a result the invention 
has been accomplished. 

[0009] According to a first aspect of the invention, there is the provision of an additive for a rubber composition 
consisting essentially of an ester selected from an ester of (i) an aliphatic polyvalent carboxylic acid with (iii) a (poly) 
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oxyalkylenederivative. and having atleastone carboxyl group in its molecu.e, and anesterof (ii) an a ^ c ^^ 
carboxylic acid with (iii) a (poly)oxyalkylene derivative, and having at least one carboxyl group bonded to an aromaHc 

SoV^'oX to a second aspect of the invention, there is the provision of an additive composition for a rubber 
^mpLi^cWriSng (a) a reinforcing filer and (b) an ester selected from an ester of (i) an ahphatic polyvalent 
Sxy ic acid w5h (iii) a (poly)oxya.kylene derivative, and having at least one carboxyl group ,n its molecule, and an 
2 er o? Ji) an ^mattc polyva.ent carboxylic acid with (iii) a (poly)oxyalkylene derivative, and having at .east one 
carboxyl group bonded to an aromatic ring in its molecule, in which a compounding ratio by weight of the component 

mgredienVrnd an ester selected'from an ester of (i) an aliphatic polyvalent carboxylic acid with (Hi) a (po 
derive fve and having at least one carboxyl group in its molecule, and an ester of (ii) an aromatic polyvalent carboxyl c 
add with OH) a (po.y)oxyalkylene derivative, and having at least one carboxyl group bonded to an aromatic nng .n ,ts 

roo'^rAccording to a fourth aspect of the invention, there is the provision of a rubber ™?° s ®™™™^£]* 
rubber increment and (B) an additive composition for a rubber composition consisting of (a) a reinforcing filler and (b) 

rSe sr e rdfromS 

aUeaS one carboxyl group in its molecule, and an ester of an aromatic polyvalent carboxylic acd with a (poly)oxy- 
alkvlene derivative and having at least one carboxyl group bonded to an aromatic ring in its molecule. 
XT to a fifth aspect of the invention, there is the provision of a pneumatic tire charactered by using 

a rubber composition defined in any one of the third and fourth aspects of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0014] The additivefor a rubber composition according to the invention is an ester of an aliphatic polyvalent carboxylic 
acid with a (poly)oxyalkylene derivative, and having at least one carboxyl group in its molecule^ or an ester ^of an 
aromatic polyvaLLrooxylic add wim a (poly)oxyalkylene derivative, and having at ^ 
to an aromatic ring in its molecule. 

[0015] The former ester is preferable to be represented by the following formula (I). 

^ (COOH)„ (i) 

\ (COO(R 1 0) n) R 2 ) p 

(wherein m is a number of not less than 1 indicating an average degree of polymerization, and each of n and p is an 
Seoer of"ot less than 1 and X is a saturated or unseturated aliphatic chain, and Ri is an alkylene group, and R 2 is 
e ^ the group consisting of an alky, group, an a.keny. group, an alkylary. group and an 

[001 6]°7n the formula (I), it is favorable that X is an aliphatic chain having an unsaturated bond and n = 1 and p - = 1 \ 
and 3 is an alkylene group having a carbon number of 2-4. and R* is an alkyl group or an alkenyl group having a 
«5,on mmber of 2-28 More preferably. X is an aliphatic chain having an unsaturated bond and e carbon number of 
2^B and m Ts 1°0 and R 1 is an ethylene group or a propylene group, and R 2 is an alky, group or an alkenyl group 
45 having a carbon number of 8-18. 

[0017] The latter ester is preferable to be represented by the following formula (II): 
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(COOH) r 

50 (COO(R 3 0) q R 4 ) s (II) 



55 



Rt 5 



(wherein q is a number of not less than 1 indicating an average degree of polymenzation. and each of r and i is . an 
ntooer of not less than 1 , and t is 0 or an integer of not less than 1 . and r + t + s is 6-8. and Y ,s an aromatic ring and 
I alkylene gX R 4 is a hydrocarbon group selected from the group consisting of an alky, group, an alkenyl 
group an alkylaryl group and an acy. group, and RS is a hydrogen atom, an alkyl group or an alkenyl group). 
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[0018] in the formula (II). it is favorable that r + s is 2 or 3, and R3 is an alkylene group having a carbon number of 
2-4 and R< is an alkyt group or an alkenyl group having a carbon number of 2-28. More preferably Y s a benzene 
ring and r = 1 and s = 1. and R3 is an ethylene group, and R* is an alkyl group or an alkenyl group having a carbon 
number of 2-28. Most preferably, q is 1-10, r - 1. s - 1. R> Is an ethylene group and R« is an alkyl group or an alkenyl 

qroup having a carbon number of 8-18. . j ... .. . .„ 

[0019] The additive for a rubber composition according to the invention is obta.ned by reacting (i) an aliphatic poly- 
valent carboxylic acid, in another word a bivalent or more aliphatic carboxyiic add or anhydr.de ™ M ™ 
aromatic polyvalent carboxylic acid, in another word, a bivalent or more aromatic carboxylic acd or anhydnde thereof 
with (iii) a (poly)oxyalkylene derivative. ...^h 
m020 As the polyvalent aliphatic carboxylic add or the anhydride thereof (i), mention may be made of saturated 
aliphatic bivalent carboxylic acids such as sucdnic acid, sucdnic anhydride, gultaric acid adip» acd sebac»aad 
and thelike; unsaturated aliphatic bivalent carboxylic acids such as maleic add. male.canhydnde fumaricaad.itecortc 
acid itaconic anhydride, citraconic add, citraconic anhydride, alkenylsuccinic acid, alkenylsuccn.c anhydnde and the 

like; aliphatic trivalent carboxylic acid such as maleinized aliphatic acid or the like; and so on. 

As me component (i), bivalent carboxylic acid having an unsaturated bond or an anhydnde thereof .s favorable, and a 
maSc hydride Is most favorable. These polyvalent aliphatic carboxylic acids and anhydrides thereof may be used 

Si 0 ' 'A^ir^^eTar^ate carboxylic acid (ii). mention may be made of bivalent aromatic carboxylic, acids 
andtheirannydrldessuchasph^ 

aromatic carboxylic acids and their anhydrides such as trimellitic acid, anhydrous trimell,t.cac^ 
aromatic carboxylic acids and their anhydrides such as pyromellitic acid, anhydrous pvrornell.Mc aad and the like 
so on As the component (ii). bivalent or trivalent aromatic adds and anhydrides thereof are favorable in view of the 
cost, and anhydrous phthalic add is particularly favorable. These polyvalent aromatic carboxylic adds and anhydndes 
thereof may be used alone or in admixture of two or more. . no 

[0022] As the (poly)oxyalkylene derivative (iii), mention may be made of compounds having a (poly)oxyalkylene 
group with an average polymerization degree of not less than 1, and having one or more hydroxy! groups, preferably 
impounds having a (poly)oxya.kylene group with one or two hydroxy! groups, more particular* oompound^hav^g 
a (poly)oxyalkylene group and one hydroxy! group. As the component (iii), mention may ^ made o ethej ^env- 
atives such as (poly)oxyalkylene alkyl ether and the like; ester-type derivatives such as (poly oxyalkylene al phatic^ acd 
monoester and the ike; ether ester-type derivatives such as ( P oly)oxya.kylene glycenne aliphatic acd ester and the 
Z^ogen-containin derivatives such as (po.y)oxyalky.ene aliphatic add amide, S^^SSSSl 
the like; and so on. Among them, the ether-type and ester-type derivatives are favorable, and the ether-type denvatives 

?o r 02M rt ^ a theet^Si (poly)oxyalkylene derivative, mention may be made of polyoxyalkylene aliphatic ethers such 
aspo'yoxXleneiauSelne^ 

ether, polyoxyethylene polyoxypropylene lauryl ether, polyoxypropylene stearyl ^^^^l^^ 
the like; polyethylene aromatic ethers such as polyoxyethylene benzyl ether po.yoxyethy.ene alkylphenirt etiner 
polyoxyethylene benzylated phenyl ether and the like; and so on. Among them, the polyoxyalkylene al.phatic ether .s 

loMTr^urther, polyoxyethylene alkyl or alkenyl ether is preferable. In this case, it is favorable that an average po- 
ymerization degree of polyoxyethylene is 1-10 and a carbon number of alkyl or alkenyl group,* 8-18. Concretely .when 
polyoxyethylene is abbreviated as POE(n) wherein n is an average polymerization degree there are mentioned POE 
(3) octyl ether. POE(4) 2-ethylhexyl ether. POE(3) decyl ether. POE(5) decyl ether. POE(3) lauryl ether. POE(8) lauryl 
ether POE(1) stearyl ether and so on. 

[00251 Moreover, the above (polyoxyalkylene derivatives may be used alone or in admixture of two or more 
0026 In the ester of the component (i) and the component (iii) according to the invention, the component 0) as a 
startingmateria. may beinduded in an amount of not more than10% by weight, preferabtyno^ 
or the component (iH) as a starting material may be included in an amount of not more than 40% by we.ght. preferably 
not more than 20% by weight. As such an ester, mention may be made of mono(POE(3) lauryl ether) male.c acd ester, 
so mono(POE(3) 2-ethylhexyl ether) maleic acid ester and so on. m i„ f „~ n n fiiior 

[0027 The additive composition for a rubber composition according to the mvenhon compnses a) a re nforcng fltier 
and (b) an ester selected from an ester of (i) an aliphatic polyva.ent carboxylic acid with (in) a (poly oxyalkylene denv- 
ative and having at least one carboxyl group in its molecule, and an ester of (ii) an aromatic polyvalent carboxylic acd 
with (iii) a (poly)oxyalkylene derivative, and having at least one carboxyl group bonded to an aromatic ring in ite jmoU 
55 ecule. in which a compounding ratio by weight of the component (a) to the component (b) is preferaWe te ^be 70^0 , to 
30/70 in view of the operability. When the compounding ratio is less than 30/70 he handhnc . may ^come difficulty 
while when it exceeds 70/30, the improvement of the operability may not be satisfactonly obta.ned. In this po.nt, the 
compounding ratio by weight is more preferable to be within a range of 60/40 to 40/60. 
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100281 The reinforcing OUT as «*> corcpon.nC (a) Is not p«liouJon» rcsWolsA baC is favorobl. to bo 
SETS (0 ,nc,udes Natives of ether-type ester^e , ethe, 
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in the uncured and cured rubber compositions. On the other hand, when the rubber ingredient does not include natural 
rubber, the slippage between rubber molecules is increased to improve the building operability and also the decrease 
in molecular weight of rubber component is not caused and hence the degradation of the properties in the uncured 
and cured rubber compositions is not caused. In any case, according to the invention, the excellent rubber processability 
can be obtained without badly affecting the properties of either uncured or cured rubber composition. 
[0040] The rubber ingredient used in the rubber compositions according to the invention is not particularly restricted, 
but is favorable to be natural rubber alone or a blend of natural rubber and synthetic rubber(s). As the synthetic rubber, 
mention may be made of styrene-butadiene rubber (SBR), butadiene rubber (BR), isoprene rubber (IR), butyl rubber 
(IIR), halogenated butyl rubber (X-IIR), ethyl enepropylene-di en e terpolymer rubber (EPDM) and a mixture thereof. 
[00411 As the reinforcing filler used in the rubber composition, use may be made of carbon blacks of HAF, ISAF, SAF 
and the like, inorganic fillers such as silica, aluminum hydroxide, clay talc and so on as previously mentioned. They 
may be used alone or in admixture of two or more. Moreover, when an inorganic filler is compounded in the rubber 
composition, the dispersion improving effect through the inorganic filler is obtained, and such an effect becomes re- 
markable as the silica content increases. 

[0042] Furthermore, the rubber composition according to the invention may properly be compounded with the other 
additives usually used in the rubber field such as sulfur, vulcanization accelerator, processing oil, antioxidant and so 
on, if necessary. 

[0043] The rubber composition according to the invention is obtained by kneading the aforementioned components 
in a kneading machine such as rolls, internal mixer or the like and subjected to a given building process, which can be 
applied to not only application of tire member such as tread, under tread, carcass, sidewall, bead portion or the like 
but also application of the other industrial goods such as rubber vibration isolator, belt, hose and the like. Preferably, 
the above rubber composition is used as a rubber for tire tread. 

[0044] The pneumatic tire according to the invention is manufactured by using the above rubber composition ac- 
cording to usual manner. That is, the rubber composition according to the invention containing, if necessary, various 
chemicals is extruded into various members for the tire at an uncured stage and shaped into a green tire on a tire 
building machine according to the usual manner. This green tire is heated under pressure in a vulcanizing machine to 
form a given tire. In the thus obtained tire, the rubber properties are not degraded, and also the productivity is excellent 
because the processability of the rubber composition is good. Moreover, the tire according to the invention can be used 
by filling a gas such as air, nitrogen or the like in the inside of the tire. 

[0045] The following examples are given in illustration of the invention and are not intended as limitations thereof. 
[0046] Various measurements in the examples are carried out by the following methods. 

Mooney viscosity (ML 1+4 ) 

[0047] As an evaluation of processability of a rubber composition, an uncured rubber sample compounded and 
kneaded with a vulcanizing system is preheated at 130°C for 1 minute and a rotor is rotated for 4 minutes to measure 
a Mooney viscosity by using a Mooney viscometer SMV201 made by Shimadzu Seisakusho. The measured value is 
represented by an index on the basis that Comparative Example 1 , 2 or 3 is 1 00. The larger the index value, the better 
the processability. 

Mooney scotch time 

[0048] As an evaluation of processing stability of a rubber composition, an uncured rubber sample compounded and 
kneaded with a vulcanizing system is preheated at 130°C for 1 minute by using the same apparatus as used in the 
measurement of the Mooney viscosity and then a time taken for a rise in Mooney viscosity by 5 units from a minimum 
value Vm at the start of preheating is measured according to JIS K6300-1994. The measured value is represented by 
an index on the basis that Comparative Example 3 is 1 00. The smaller the index value, the better the processing stability. 

Vulcanizing property (T90) 

[0049] As an evaluation of adequate vulcanizing property of a rubber composition, a value of 90% vulcanizing time 
(T90) is measured at 150°C according to vibration type vulcanization test of JIS K6300-1994. The measured value is 
represented by an index on the basis that Comparative Example 3 is 100. 

The smaller the index value, the shorter the vulcanizing time and the better the vulcanization productivity. 
Odor 

[0050] An odor felt in weighing and in kneading is evaluated by 10 workers according to the following standard: 
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Q all of 10 workers do not feel odor 
A: 1-9 workers feel some odor 
X: all of 1 0 workers feel odor 



5 Tensile strength at break, Elongation at break 

*. 10 elongation at break. 
Rebound resilience 

10052, A ,Mn w.l S w I. M, dropped from . gM. h.igh. <Mo . f^,^,^ " ST^™ m5S 

- ai-r-^^ 

value, the larger the rebound resilience. 
Wear resistance 

index value, the better the wear resistance. 
25 Presence or absence of blooming 

As a result, the presence or absence of blooming is evaluated as follows. 

Q the precipitation of the substance is not confirmed 
X: the precipitation of the substance is confirmed 

Examples 1-7, Comparative Example 1 
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of the component (b) are used compounds A, B and C having the following formuia (iil): 



CHCOOH 
CHCOO^OXnR 4 



(HD 
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wherein m, R 1 and R 2 are shown in Table 2. 



Table 2 



Compound 



m 



R 1 



ethylene group 



propylene group 



ethylene group 



R2 



lauryl group 



lauryl group 



2-ethylhexyl group 



Name 



mono(POE(3) laurylether) maleic acid ester 



mono(POP(3) laurylether) maleic acid ester 



nono(POE(3)2-ethylhexyl ether) maleic acid ester 



40 



Examples 8-14, Comparative Example 2 

mixing ratio of component (b):s.lica = 6:4_ sty rene-butadiene copolymer rubber (137.5 parts by 

10059] in a Banbury mixer are 100 P-Jj^ ^extended rubber containing 37.5 phr of aromatic 

weight of SBR1712, trade name, made by JSR Corporation, an ™ «»» . ht ■ tota , of 

S),*. above prepared additive composition 30 parts ighfof Laric acid, 1 part 

siiica (the same as silica -^"^^^ ? part by weight of a wax 

KL^^ made by Degussa AG) at a startin9 temperature 

of 70°C and a revolution number of 70 rpm for 4 minutes tpmopr ature it is further kneaded with 3 parts 

t 0060l After the resulting mixture is sufficiently coded Mr. a* at ™m JJJJ^J™^,, 1 part by weight 

Example 2. tn thP r^sultina uncured rubber composition. And also, such 

[00611 The Mooney viscosity length at break, elongation at break. 
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(COOM) r 

(COOCCHzCHjO^R^s 



(TV) 



(wherein q, r, s, M, 



15 



20 



25 



30 



35 



40 



45 



and R 4 are shown in Table 4) is used as an 

Table 4 



additive for a rubber composition. 



Carboxylic acid derivative 



Additive for rubber 
composition 



For Examples 



111 



For Comparative Examples 



IV 



VI 



VII 



VIII 



XI 



XIII 



Examples 15-27, Comparative Examples 3-9 



12 



Kind of M 



H 



Kind of R 4 



lauryl 



decyl 



2-ethylhexyl 



Zn 



oleyl 



stearyl 



stearyl 



2-ethylhexyl 



octyl 



lauryl 



stearyl 



decyl 



oleyl 



lauryl 



}S 1D-Z/, V/Ulll|Ja««»»« » 

[0 „ M1 Anuncuredrubber-mpos™^ 
n Tab e 5 with the kind and amount of the above add^ 

Scarbonb.ack.SAF. 2 parts by «f ht °'f ™™ ^J^^Z** accelerator CBS. The resulting uncured 
6 PPD, 1 .5 parts by weight of sulfur and 1 part by we.gh :« f av Comparati ve Example 3 ,s 4 t,mes. 

rubber composition is kneaded 3 times. Moreover ;^ e ^^ n ^oce^m^M^^scosi^.P^ssr 
0065] Witt respect to the thus obtained u " cured ~^7 T ^^ a °odor are evaluated to obtain results as shown ,n 

b b 2?'^ ctsi ** - °< ex - p,es and me comparat,ve 

examples. 
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Table 5 
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Rubber 
ingredient (A) 


Additive for 

rubber 
composition 
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of 

kneading 
steps 


Mooney 
viscosity 


Mooney 
scorch 
time 


Vulcanizing 
property 
T90 


Odor 
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[0066J The rubber composition of Comparative Example 4 is poor in the processability as compared with the rubber 
composition of Comparative Example 3 having more of kneading number. On the contrary, when Examples 1 5-27 are 
compared with Comparative Example 3, the processability is improved even if the kneading number is decreased and 
the properties of the uncured rubber composition are maintained. 

[0067J As seen from Examples 25 and 26, the invention is effective to the blend of natural rubber and synthetic rubber 
in addition to natural rubber alone. 

[0068] In Comparative Examples 6-8, the kind of the additive for a rubber composition is an alkyl ester, but is not 
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Examples 28-41 

time, vulcanizing property and odor are evaluated to obtain results as shown in Table 7. 
Example 42 

as in Example 31 are carried out to obtain results as shown in Table 7. 



20 



25 



30 



35 



40 



45 



50 



55 



14 



• 0 

EP 1 179 561 A1 



Odor 




0 


O 


0 


O 


0 


O 


O 


O 


O 


O 


0 


O 


Vulcanizing 
property T90 




cd 


DO 


8 


r- 

CD 


CO 
CD 


CD 
CD 


CO 
CD 


CD | 


LO 
CD 


CD 
CD 


LO 

CD 


00 
CD 


Mooney scorch 
time 




OO 
CD 


00 
CD 


o> 


CO 
CD 


CD 


CO 
CD 


lO 
CD 


CD 


in 

CD 


00 
CD 


CO 
CD 


CO 
CD 


Mooney 
viscosity 




CM 
CD 




CM 
CD 


CM 
CD 


r- 

00 


«a- 

CD 


CM 
CD 


CM 
CD 


CO 
CD 


LO 
CD 


CD 


CO 
CD 


Kneading 
number 




CO 


CO 


CO ' 


CO 


CO 






CO 


CO 


CO 


CO 


CO 


ition for rubber 
) 


component (b) 


PHR* 


CM 


CM 


CM 


CM 


m 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


Additive compos 
(B 


Kind 




Production 
Example 1 


Production 
Example 2 


Production 
Example 3 


Production 
Example 4 


Production 
Example 4 


Production 
Example 5 


Production 
Example 6 


Production 
Example 7 


Production 
Example 8 


Production 
Example 9 


Production 
Example 10 


Production 
Example 4 


Rubber ingredient (A) 


SBR 


parts by 
weight 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 

LO 


natural rubber 


parts by 
weight 


o 
o 


o 
o 


o 
o 


o 
o 


o 
o 


o 
o 


o 
o 


o 
o 


o 
o 


o 
o 


o 
o 


o 

LO 


Uncured 
rubber 






Example 28 


Example 29 


Example 30 


Example 31 


Example 32 


Example 33 


Example 34 


Example 35 


Example 36 


Example 37 


Example 38 


Example 39 



I 



2 
1 



E 



8 

o 



15 



EP1 179 561 A1 



w 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Odor 




O 


O 


O 


Vulcanizing 
property T90 




OS 
O) 


Oi 
Oi 


CM 
O 


Mooney scorch 
time 




m 

Oi 


o 
o 


O 


Mooney 
viscosity 




CO 
Oi 


00 
Oi 


00 
00 


Kneading 
number 




CO 


CO 


CO 


Additive composition for rubber 
(B) 


component (b) 


PHR* 


CM 


in 
o 


CM 


Kind 




Production 
Example 10 


Production 
Example 4 


Production 
Example 4 


Rubber ingredient (A) 


SBR 


parts by 
weight 


OS 


o 


o 


natural rubber 


parts by 
weight 


OS 


o 
o 


o 
o 

1— 


Uncured 
rubber 




Example 40 


Example 41 


Example 42 



16 



M 

EP 1 179 561 A1 

[0074] As seen from the results in Table 7, the same results as in Examples 1 5-27 can be said to be obtained even 
in Examples 28-41 using the previously prepared additive composition for rubber (B) containing the component (b). 
And also, according to the invention, the reinforcing filler is not restricted to carbon black as seen from Example 42. 




5 Examples 43-48, Comparative Examples 10-13 

[0075] The uncured rubber compositions shown in Table 8 are selected from the rubber compositions shown in Tables 
5 and 7, and cured at 145°C for 33 minutes to obtain cured rubber samples. With respect to the thus obtained cured 
rubber samples, the tensile strength at break, elongation at break, rebound resilience, wear resistance and blooming 
10 are measured to obtain results as shown in Table 8. 
Comparative Example 11 is set to be control. 
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[0076] As seen from Examples 43-48, even if the kneading number is decreased, the properties of the cured rubber 
are not badly affected and the blooming problem is not caused. However, the blooming is caused on the rubber surface 
in Comparative Examples 12 and 13 using no ester as defined in the invention. 

[0077] As mentioned above, when the specified ester according to the invention is compounded with rubber com- 
ponent, even if the kneading number is decreased, the rubber properties are not substantially degraded over a period 
from ail kneading steps to the production of rubber article. 

[0078] By using the additive for a rubber composition and the additive com position for a rubber composition according 
to the invention, the processability of an uncured rubber composition is improved without degrading the properties of 
a cured rubber composition. In case of the rubber composition containing natural rubber, the productivity and process- 
ability are improved without decreasing the molecular weight of rubber and also the surface states of uncured and 
cured rubbers are stable without problems. The invention can be particularly applied to pneumatic tires. 



Claims 

1. An additive for a rubber composition consisting essentially of an ester selected from an ester of (i) an aliphatic 
polyvalent carboxylic acid with (iii) a (poly)oxyalkylene derivative, and having at least one carboxyl group in its 
molecule, and an ester of (ii) an aromatic polyvalent carboxylic acid with (iii) a (poly)oxyalkylene derivative, and 
having at least one carboxyl group bonded to an aromatic ring in its molecule. 

2. An additive for a rubber composition according to claim 1 , wherein the ester of the component (i) and the component 
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(iii) is represented by the following formula (I): 



/(COOH) n 

\ (COO(R 1 0) m R 2 ) p 



(D 



(wherein m is a number of not less than 1 indicating an average degree of polymerization, and each of n and p is 
an integer of not less than 1 , and X is a saturated or unsaturated aliphatic chain, and R 1 is an alkylene group, and 
R2 is a hydrocarbon group selected from the group consisting of an alkyl group, an alkenyl group, an alkylaryl 
group and an acyl group). 

3. An additive for a rubber composition according to claim 2, wherein in the formula (I), X is an aliphatic chain having 
an unsaturated bond, n = 1 , p = 1, R 1 is an alkylene group having a carbon number of 2-4, and R 2 is an alkyl group 
or an alkenyl group having a carbon number of 2-28. 

4. An additive for a rubber composition according to claim 3, wherein X is an aliphatic chain having an unsaturated 
bond and a carbon number of 2-8, and m is 1-10, and R 1 is an ethylene group or a propylene group, and R2 is an 
alkyl group or an alkenyl group having a carbon number of 8-18. 

5. An additive for a rubber composition according to claim 1 , wherein the ester of the component (ii) and the component 
(iii) is represented by the following formula (II): 



(wherein q is a number of not less than 1 indicating an average degree of polymerization, and each of r and s is 
an integer of not less than 1 , and t is 0 or an integer of not less than 1 , and r+s+t is 6-8, and Y is an aromatic ring, 
and R 3 is an alkylene group, R 4 is a hydrocarbon group selected from the group consisting of an alkyl group, an 
alkenyl group, an alkylaryl group and an acyl group, and R 5 is a hydrogen atom, an alkyl group or an alkenyl group). 

6. An additive for a rubber composition according to claim 5, wherein in the formula (II), r+s is 2 or 3, and R 3 is an 
alkylene group having a carbon number of 2-4, and R 4 is an alkyl group or an alkenyl group having a carbon 
number of 2-28. 

7. An additive for a rubber composition according to claim 6, wherein Y is a benzene ring, and r = 1 and s = 1 , and 
R 3 is an ethylene group, and R 4 is an alkyl group or an alkenyl group having a carbon number of 2-28. 

8. An additive for a rubber composition according to claim 7, wherein q is 1-1 0, r = 1 , s = 1, R 3 is an ethylene group 
and R 4 is an alkyl group or an alkenyl group having a carbon number of 8-18. 

9. An additive for a rubber composition according to claim 1, wherein the component (i) is a polyvalent aliphatic 
carboxylic acid or an anhydride thereof. 

10. An additive for a rubber composition according to claim 1, wherein the component (ii) is a polyvalent aromatic 
carboxylic acid or an anhydride thereof. 

1 1 . An additive for a rubber composition according to claim 1 , wherein the component (iii) is a component having (poly) 
oxyalkylene group with an average polymerization degree of not less than 1, and having one or more hydroxyl 



12. An additive composition for a rubber composition comprising (a) a reinforcing filler and (b) an ester selected from 
an ester of (i) an aliphatic polyvalent carboxylic acid with (iii) a (poly) oxyalkylene derivative, and having at least 




(COOH) r 



(H) 



R 3 t 



groups. 
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one carboxyl group in its molecule, and an ester of (ii) an aromatic polyvalent carboxylic acid with (iii) a (poly) 
oxyalkylene derivative, and having at least one carboxyl group bonded to an aromatic ring in its molecule, in which 
a compounding ratio by weight of the component (a) to the component (b) is 70/30 to 30/70. 

5 1 3. An additive composition for a rubber composition according to claim 12, wherein said composition further contains 
at least one compound (c) selected from a (poly)oxyalkylene derivative, an alcohol and its aliphatic add ester, and 
an amount of the component (c) is not more than 10 parts by weight per 100 parts by weight in total of the com- 
ponents (a) and (b). 

10 14. A rubber composition comprising a rubber ingredient and an ester selected from an ester of (i) an aliphatic poly- 
valent carboxylic acid with (iii) a (poly)oxyalkylene derivative, and having at least one carboxyl group in its molecule, 
and an ester of (ii) an aromatic polyvalent carboxylic acid with (iii) a (poly)oxyalkylene derivative, and having at 
least one carboxyl group bonded to an aromatic ring in its molecule. 

15 1 5. A rubber composition according to claim 14, wherein said composition further contains a reinforcing filler 

16. A rubber composition comprising (A) a rubber ingredient and (B) an additive composition for a rubber composition 
consisting of (a) a reinforcing filler and (b) an ester selected from an ester of an aliphatic polyvalent carboxylic acid 
with a (poly) oxyalkylene derivative, and having at least one carboxyl group in its molecule and an ester of an 

20 aromatic polyvalent carboxylic acid with a (poly)oxyalkylene derivative, and having at least one carboxyl group 

bonded to an aromatic ring in its molecule. 

17. A rubber composition according to claim 16, wherein the additive composition (B) further contains at least one 
compound (c) selected from a (poly)oxyalkylene derivative, an alcohol and its aliphatic acid ester. 



18. A pneumatic tire characterized by using a rubber composition as claimed in any one of claims 14 to 17. 
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